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A B S T R A C T
Invasion of alien plant species is one of the main reasons for biodiversity loss in terrestrial ecosystems.
However, alien plant species are not evenly distributed in the landscape. We studied which factors
determine the actual level of neophyte invasion in a landscape with heterogeneous land-use and which
habitats are themost infected. Since neophyte specieswith different life-forms can respond differently to
the factors determining the invasion, species groups of annual, herbaceous perennial and woody
neophytes were also analyzed separately.
The study was conducted within the field site network of the Kiskun-LTER program (Hungary), in
16 sites of 5 km5km. Fifteen habitat types were distinguished belonging to five major land-use/land
cover types (agricultural land, abandoned agricultural land, tree plantation, semi-natural grassland and
semi-natural forest). Present and past land-use, landscape composition and environmental variables
were included as factors with a potential impact on the level of invasion.
The most important factor determining invasion level was present habitat type, followed by the past
habitat type of the location and landscape context. Tree plantations, agricultural habitats and recently
abandoned agricultural habitats had the highest level of invasion.
As expected, annual neophytes were most abundant in agricultural habitats, while perennial
herbaceous neophytes were most abundant in old-fields and plantations, and woody neophytes in tree
plantations. Past agricultural land-use was reflected in the higher levels of invasion of annuals and
perennials, and past forestry practice resulted in higher levels of invasion of woody neophytes. In a
landscape with a higher proportion of tree plantations, not only the tree plantations, but primary
woodland [240_TD$DIFF]patches also showed higher levels of invasion by woody neophyte species.
Our results indicate the importance of present and past land-use in plant invasion and suggest that tree
plantations are hot-spots of plant invasion and threaten the remnants of semi-natural vegetation.
ã 2016 Elsevier B.V. All rights reserved.
1. Introduction
Land-use change and invasion of alien species are two major
drivers responsible for recent biodiversity loss in terrestrial
ecosystems (Hobbs, 2000; Sala et al., 2000). The problem caused
by alien invasion is often related to changes in land-use (Hobbs,
2000; Vil [164_TD$DIFF]à et al., 2006, 2009): land-use influences the invasion
process by creating and supporting optimal habitats for invaders
and by enhancing actual propagule pressure through landscape
compositional changes ( [165_TD$DIFF]Vilà and Ibáñez, 2011).
The level of invasion is defined as the number or proportion of
alien species in a given habitat (Catford et al., [166_TD$DIFF]2012; Richardson and
Pyšek, 2006). Comparison of habitats across regions revealed that
habitats differ considerably in the level of invasion, and differences
are consistent across different regions (Chytrý et al., 2008b). The
level of invasion seems to depend more on the inherent properties
of habitats (invasibility), than on the actual propagule pressure or
the geographic location (Chytrý et al., 2008b). Habitats associated
with high invasion levels are generally characterized by a
fluctuating availability of resources either as a result of natural
fluctuations (e.g. floodplains) or due to anthropogenic disturbance
([167_TD$DIFF]Chytrý et al., 2008a, 2008b;[168_TD$DIFF] Davis et al., 2000; Pyšek and Chytrý,
2014). Disturbed and intensively managed habitats support the
highest levels of invasion both at the local (Chytrý et al., 2005; [169_TD$DIFF]
González-Moreno et al., [170_TD$DIFF]2014; Jauni and Hyvönen, 2010; [171_TD$DIFF]Vilà et al.
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2007;Walter et al., 2005), and regional scales ([172_TD$DIFF]Chytrý et al., 2008b,
2009).
Land-use and its change directly influence alien invasion
through the alteration of habitat types (Hobbs, 2000). Beside the
direct effect of changing habitat type, the indirect effects of land-
use, such as landscape configuration and historical land-[241_TD$DIFF]uses can
be important in the invasion process ([165_TD$DIFF]Vilà and Ibáñez, 2011).
Therefore, these factors should also be taken into account when
land-use planning and management decisions are made to control
alien species (Cole et al., 2007; Thomas and Moloney, 2015). The
landscape configuration can be an important factor determining
the presence of alien species compared to local scale factors that
have greater effect on species abundance ( [165_TD$DIFF]Vilà and Ibáñez, 2011).
The main drivers from landscape configuration resulting in
increased levels of invasion are: [174_TD$DIFF] increasing fragmentation and
decreasing habitat connectivity; intensification of land-[242_TD$DIFF]use such as
agriculture; urbanization; and the development of transport
networks (Hobbs, 2000). The temporal sequence of land-use
change can have diverse impact on invasion. For example, the type
of land-use at the time of introduction of a given alien species,
along with the direction of the land-use change (i.e. increasing or
decreasing intensity of human disturbance) can have important
effects ([165_TD$DIFF]Vilà and Ibáñez, 2011).
Different groups of invasive species might respond differently
to land-use change. For example species with a longer history of
invasion in a given country (e.g. archaeophytes) depend more on
the habitat type than recently arrived species (Pyšek and Chytrý, [175_TD$DIFF]
2014; Vicente et al., 2014). This is probably due to their adaptation
to agricultural management (Jauni and Hyvönen, 2010). Neophyte
species having a shorter history of adaptation to the new
environment and depend more on continuous propagule pressure
([176_TD$DIFF]Chytrý et al., 2008b; Pyšek and Jarošík, 2005). Alien species
belonging to different life forms, trophic levels or functional groups
might induce different changes in the ecosystem structure or
function. The establishment and expansion of different invasive
groups (e.g. annuals, perennial herbs and woody species) might be
a good indicator of invasion pathways and processes (Catford et al.,
2012; Gassó et al., 2012; Thuiller et al., 2006).
Hungary, situated in a transitional biogeographic zone between
deciduous forest [243_TD$DIFF]and the forest steppe (Magyari et al., [177_TD$DIFF]2010;
Zólyomi, 1974), has significant biodiversity, but also a high
diversity of alien species. The number of recognized neophyte
plant species was 715 in 2004 (Balogh et al., 2004). The problem of
invasion is coupled with human landscape change (Török et al.,
2003). In the Kiskunság region the landscape has been altered
significantly: primary or secondary grasslands were transformed
to tree plantations or arable lands while arable lands have been
transformed to secondary grasslands or tree plantations. By the
21st century, almost fifty percent of 18th century open sand
grasslands have been replaced by tree plantations (Biró et al.,
2013). The present landscape is dominated by [178_TD$DIFF]agricultural land,
semi-natural grasslands and non-native tree plantations, resulting
in a heterogeneous land-use pattern ([179_TD$DIFF]Biró et al., 2013; Rédei et al.,
2008; Rédei et al., 2011). Given the relatively homogeneous
climatic conditions in the study area and the presumably uniform
regional alien species pool, we hypothesize that the level of
invasion would reflect the effect of present and past land-use. Our
questions are:
1. What factors determine the level of neophyte invasion in a
landscape with heterogeneous land-use?
2. Which habitat types are the hot-spots of plant invasion in this
landscape?
3. Is there a difference in the factors that determine the invasion
level of annual, perennial herbaceous and woody neophytes?
2. Materials and methods
2.1. Study area and sampling design
The study was conducted in the Kiskunság inland sand dune
area, which extends to 7500km2, in the centre of the Pannonian
biogeographic region. The climate of the region is moderately
continental with a sub-Mediterranean influence. The landscape
consists of the remnants of the forest steppe vegetation (Fekete
et al., 2014; Magyari et al., [180_TD$DIFF]2010; Zólyomi,1974) and cultivated land
with changing land-use patterns ([181_TD$DIFF]Biró et al., 2013; Csatári and
Farkas, 2008). For more details on the study area see Csecserits
et al. (2011) and Rédei et al. (2014).
Table 1
Overview of habitat types used in this study and their correspondence with the European Nature Information System (EUNIS).
Habitat name Habitat codes Number of relevés EUNIS code
agricultural habitat
croplands AC 46 I1
vineyards and orchards AV 29 G1.D
abandoned agricultural habitat
old-fields abandoned 1–7 years ago O1 35 E5.1
old-fields abandoned 8–20 years ago O2 42 E5.1
old-fields abandoned 21–57 years ago O3 40 E5.1
tree plantation
locust (black) PL 44 G1C3
pine (black and Scot) PP 47 G3F2
native white and grey poplar PN 39 G1C1
exotic poplar PE 19 G1C1
oak PO 17 G1C4
young plantations PY 41 G5.7
semi-natural grassland
open [237_TD$DIFF]grasslands GO 37 E1.994
closed [237_TD$DIFF]grasslands GC 46 E1.995
semi-natural woodland
open [238_TD$DIFF]woodlands WO 37 G1.7A1
closed [238_TD$DIFF]woodlands WC 36 G1.7A1
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Sampling was carried out within the field site network of the
Kiskun-LTER program, which consists of 16 sites, of 5 km5km
each, representing all major land-use/land cover types character-
istic to the region (agricultural land, abandoned agricultural land,
tree plantation, semi-natural grassland, and forest) in varying
proportions (Csecserits et al., 2011; Rédei et al., 2008, 2011).
We distinguished and sampled 15 habitat types in [244_TD$DIFF]five land-use
categories (Table 1.) The abbreviation of the habitat types and the
number of the sampled plots are in the brackets.
Agricultural fields [182_TD$DIFF]included regularly ploughed annual and
perennial croplands (AC, n = 46), vineyards and orchards (AV,
n = 29).
Old-fields were categorized into three age groups based on
historical aerial photographs: old-fields abandoned 1–7 years
before sampling (O1, n =35), old-fields abandoned 8–20 years
before sampling (O2, n = 42), and old-fields abandoned 21–57 years
before sampling (O3, n =40).
Tree plantations which were at least 20 years old at the start of
sampling, were categorized into the following types: black locust
(Robinia pseudoacacia) (PL, n = 44), black and Scots pine (Pinus nigra
and Pinus sylvestris) (PP, n =47), exotic poplar (Populus x
euramericana) (PE, n =19), native white and grey poplar (Populus
alba and P. x canescens) (PN, n =39), pedunculate oak (Quercus
robur) (PO, n =17). Young (<3years old) tree plantations (PY,
n = 41) were also sampled.
We sampled the four habitat types of the semi-natural forest-
steppe mosaic: open grassland, closed grassland, open woodland
and closed woodland. Open grasslands are dominated by Festuca
vaginata and Stipa borysthenica and the total vascular plant canopy
cover is less than 50% (GO, n =37). Closed grasslands are dominated
by Festucawagneri, Stipa capillata and Bothriochloa ischaemum
and canopy cover is more than 80% (GC, n = [245_TD$DIFF] 6). Open woodlands
are dominated by Quercus robur, Populus alba and Juniperus
communis (WO, n = 37); and closed woodlands are dominated by
Quercus robur and Populus alba (WC, n =36). Open and closed
woodlands differ significantly in character. Open woodlands are
characterized by a less developed tree canopy layer, a dense shrub
layer and patches of grassland, whilst closed woodlands have no
patches of grassland [246_TD$DIFF]and the shrub layer is scarce due to the more
developed tree canopy.
We aimed at sampling three stands of the 15 selected habitat
types within each study site (Fig. 1) using a spatially stratified
random design. Separate stands of a given habitat within a site
were sampled or, in case of large homogenous habitats, sampled
stands were at least 300m from each other. The total number of
stands was 555, because not all habitat types were present in each
site or not in three separate stands. In each stand, we visually
estimated the aboveground percentage cover of all vascular plant
species in a 20m x 20m plot. To avoid edge effect, plots were not
placed within 10m from the stand boundary. Vegetation surveys
were carried out in June–August, 2006–2008. Nomenclature
follows that of Király (2009).
2.2. Studied species groups
In this paper we present data on neophyte species defined as
species that arrived in the Carpathian Basin after 1500 (Pyšek,
1995; Pyšek et al., 2004), which were selected based on the list of
Hungarian neophytes published by Balogh et al. (2004) and Király
(2009). Since the distinction between archaeophyte and native
status is unclear for several species within Hungary, we excluded
archaeophytes from the analysis. [247_TD$DIFF] n case of certain neophyte
species [264_TD$DIFF](e.g. black locust and black pine) [249_TD$DIFF]a distinction was made
between [250_TD$DIFF]spontaneous presence and obviously planted presence,
[(Fig._1)TD$FIG]
Fig. 1. Map of the study area with the 16 sampling sites and the habitat map of one 5km5km study site (Orgovány) from 2005.
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and only the spontaneous [251_TD$DIFF]occurrences were used in the analyses.
Moreover, we distinguished three growth forms: annual, perennial
herbaceous and woody neophyte species on the basis of Király
(2009) for a better understanding of invasion patterns.
Five indicators were selected to study the invasion level of
different habitats in the region: (1) the relative species richness of
neophyte species (measured as the number of neophyte species in
proportion to all species found in the plot), (2) the relative cover of
neophyte species, and (3) the relative cover of annual, (4)
herbaceous perennial and (5) woody neophyte species. All were
measured as the proportion of the cover of the given group of
neophytes compared to the total vascular cover per plot.
2.3. Environmental predictors
In order to fit sensible models for the invasion level of the
studied region, factors describing the present landscape context,
present and past habitat type, and the local environment were
included in the analysis (Table 2). The present landscape context
was described with the proportional area of different habitat types
within 500m around each sampling plot. A 500m radius was
selected because the propagule pressure is strongest within a few
hundred meters of the source and it declines rapidly with distance
(Rouget and Richardson, 2003). Five habitat categories were
distinguished in this case corresponding to the major land cover
types in the region: agricultural land, abandoned field where
secondary grasslands developed, tree plantation, semi-natural
grassland, and semi-natural forest. Habitatmapsweremade on the
basis of aerial photos from 2005 with ArcGis 9.2 software (ESRI,
2006).
The past habitat type of each sampling plot was described on
the basis of aerial photos from the years 1950–1952 and 1986–
1989. For the period 1986–1989, the same five land-use/land cover
categories were used as for 2005. As for the 1950s, it was
impossible to distinguish between semi-natural and secondary
grassland (probably because there was no secondary grassland,[252_TD$DIFF]
Biró et al., 2013), therefore these two categories were merged
resulting in four different land-use categories: agricultural land,
tree plantation, grassland, and semi-natural forest.
In addition, the distance from the nearest agricultural field
based on the habitat maps from 2005 and the distance from the
nearest local roadwere calculated for each sampling plot as proxies
for human land-use intensity and for the propagule pressure of
neophyte species ([183_TD$DIFF]Vilà and Ibáñez, 2011).
The local environment was characterized by two climatic
variables (annual precipitation and mean annual temperature), by
descriptors of locality (elevation, slope, and aspect) and by soil
data. The aspect value was transformed from the circular aspect
variable into a linearized form ranging from zero to one according
to Somodi et al. [184_TD$DIFF](2010). Annual precipitation was derived from
interpolated climatic data from 1961 to 1990 from the Hungarian
Meteorological Service (HMS 2001), whereas temperature data
Table 2
Overview of explanatory variables used in this study. Abbreviations: cat—categorical, con—continuous, ag—agricultural, sg—secondary grassland, pl—tree plantation, ng—
semi-natural grassland, nf—semi-natural forest.
Explanatory variables Type Min Mean Max Categories
Local
present habitat type cat See Table 1.
past habitat type in 1986–1989 cat ag, sg, pl,[160_TD$DIFF] ng, nf,
past habitat type in 1950th cat ag, ng, nf, pl
Surrounding landscape
proportion of agricultural land,% con 0 18.3 95.9
proportion of plantation, % con 0 45.7 99.6
proportion of semi-natural grassland, % con 0 12.9 97.7
proportion of semi-natural woodland, % con 0 4.4 38.4
proportion of secondary grassland,[239_TD$DIFF]% con 0 13.8 68.7
distance from agricultural field, m con 0 1037 11246
distance from roads, m con 0 1060 2160
Environmental
mean annual rainfall, mm con 503 522 584
mean annual temperature,  C con 10.61 10.84 11.09
elevation, m con 83 118 164
slope, deg. con 0 1.47 28.95
aspect con 0 [161_TD$DIFF]53.74 336
soil reaction and carbonate-status cat 2: slightly acidic soils
3: calcareous soils (effervescence with dilute acid from the surface)
4: salt affected soils non-calcareous from the surface
5: salt affected soils calcareous from the surface









soil type cat 2: blown sand
3: humous sandy soils
9: Ramann brown forest soils
12: chernozem-type sandy soils
24: solonetzic meadow soils
25: meadow soils
26: meadow alluvial soils and alluvial meadow soils
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from the WORLDCLIM database (Hijmans et al., 2005) was used.
Descriptors of locality were derived from the digital elevation map
(DEM) of the sampling sites. Data connected to soil [253_TD$DIFF]properties,
namely chemical reaction, organic content, soil [254_TD$DIFF]productivity and
soil type was obtained from the database (AGROTOPO, 1994).
Beside these environmental variables, the composition of
native communities at plot level was included in the analysis.
To avoid the artefacts due to mathematical constraints, we did not
use all of the possible combinations. When analysing the relative
species richness of neophyte species, we used the cover of non-
alien species, non-alien herbs, shrubs and trees together, and the
cover of trees. When analysing the relative cover of annual and
herbaceous perennial neophyte species, we used the cover of
shrubs and trees together and the cover of trees.
2.4. Data analysis
To explore the relationship between the level of invasion and
the predictor variables, conditional inference-based decision trees
were fitted to the data. Decision trees (also known as classification
and regression trees; [185_TD$DIFF]Breiman et al., 1984) are non-parametric
statistical methods that can handle nonlinear relationships, very
large sets of mixed type (i.e. both categorical and continuous)
predictors, and the results are easy to interpret and indicate the
variable that significantly discriminates between classes (Crawley,
2007). Furthermore, as they handle the predictors one by one, they
are essentially free from problems caused bymulticollinearity. The
selected algorithm offers unbiased variable selection and a
statistically sound stopping rule (Hothorn et al., 2006), which
eliminates the variable selection bias and problems of under- and
over-fitting. Decision tree models are frequently used to study the
distribution of invasive organisms (e.g. Usio et al., 2006; Hejda
et al., 2009; Pyšek et al., 2010; Pinke et al., 2011).
For each fitted tree, explained variance (R2) was calculated
using the standard formula. Spatial autocorrelation of model
residuals were checked by calculating Moran's I correlogram
(Bjornstad and Falck, 2001): there were no significant spatial
autocorrelation for either model. All analysis were done in R
3.1.1 environment (R Core Team, 2014) using party and ncf
(Bjornstad, 2013) packages.
3. Results
We found a total of 47 neophyte species, including 21 annuals, 9
herbaceous perennials and 17 woody neophyte species ([255_TD$DIFF]App. A).
The fitted regression tree for the relative species richness of
neophyte species explained 59.1% of the total variance and present
habitat type was the most important predictor variable (Fig. 2). In
the first split, agricultural fields, youngest old-fields and planta-
tions were separated from semi-natural habitats and elder old-
fields, because of the higher proportion of neophyte species in the
first group. This first group was further divided to agricultural
fields and young plantation associated with higher proportion of
neophyte species (median: 26.09% and 38.44% on the last two
branches) and to young old-fields and other plantation with lower
relative richness (median: 16.17% and 21.74% on the last two
branches). In the case of the second group, i.e. right branch, closed
forests and old-fields had larger proportion of neophyte species
(median 13.59% and 8.76% on the last two branches) than open
forests, closed and open grasslands (median 5.66% and 2.82% on
the last two branches).
For the relative cover of neophyte species the regression tree
explained 27.6% of the total variance. The first splitting variable
was the present habitat type (Fig. 3). The highest relative cover
could be observed in agricultural fields, old-fields, young
plantations and poplar plantations (median: 22.66%). The right
[(Fig._2)TD$FIG]
Fig. 2. Regression tree model of the relative species richness of neophyte species in the sampling plots. Each node is described by the splitting variable used at the split, the
Bonferroni-corrected significance (P-value) of the split and the values at which the split occurs. At each terminal node the number of observations (n) is given along with the
values of the response variables. Vertical axes of box plots show the relative species number of neophyte species, in percentage. Thick lines are medians, boxes are quartiles,
whiskers are non-outlier minimum and maximum, dots are outliers. Abbreviations in the circle (nodes): Habit—present habitat type, Crop_dis—distance from agricultural
field, m, TreeCov—cover of trees, NonAherbCov—cover of non-alien herb. For habitat codes see Table 1.
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branch was further split according to the habitat type in 1989. The
relative cover of neophyte species was higher (median: 6.05%) in
plots covered by agricultural fields or plantations in 1989 and by
pine, black locust or oak plantations in 2008, and lower in plots
covered by semi-natural habitats in both dates. Within semi-
natural habitats neophyte species reached higher levels of cover in
closed forests and open grasslands (median: 0.97%) than in open
forests and closed grasslands (median: 0.15%).
In the case of the relative cover of annual neophyte species, the
regression tree explained 49.4% of the total variance. The first
splitting variable was the present habitat type (Fig. 4). Vineyards
and fruit orchards, young old-fields, and young tree plantations
had the highest annual neophyte cover, especially where the shrub
cover was lower than 5.01% (median: 26.72% and 9.62% for lower
and higher shrub cover, on the last two branches, respectively). In
the case of other habitats, higher annual neophyte cover (median:
1.14%) was found in plots that were agricultural fields or secondary
grasslands during the period 1986–1989 (mainly in the present
elder old-fields and croplands), than in plots that were semi-
natural habitats or tree plantations during this period. In these last
group of plots the cover of annual neophyte species was negligible.
The regression tree of the relative cover of herbaceous perennial
neophytes explained 32.7% of the total variance. Plots first were
classified into three groups according to the habitat type (Fig. 5):
(1) the old-fields, native and exotic poplar plantations and young
plantations, (2) pine and black locust plantations and (3) other
habitats. From the plots of the first group, on the left branch the
plots with low tree cover (under 6.01%) and under warmer climate
harboured the highest level of perennial herbaceous neophytes
(median: 17.55%). On the right branch, pine and black locust
plantations harboured higher level of herbaceous perennial
neophyte species, if the [256_TD$DIFF]proportion of secondary grassland in
the 500m radius around the plot is more than 26.77% (median:
13.62%) or the plantation was agricultural area in the period of
[(Fig._3)TD$FIG]
Fig. 3. Regression treemodel of the relative cover of neophyte species in the sampling plots. Each node is described by the splitting variable used at the split, the Bonferroni-
corrected significance (P-value) of the split and the values at which the split occurs. At each terminal node the number of observations (n) is given alongwith the values of the
response variables. Vertical axes of box plots show the relative species cover of neophyte species, in percentage. Thick lines aremedians, boxes are quartiles, whiskers are non-
outlier minimum andmaximum, dots are outliers. Abbreviations in the circle (nodes): Habit—present habitat type, Hab89—past habitat type [158_TD$DIFF]between 1986-1989. For habitat
codes see Table 1.
[(Fig._4)TD$FIG]
Fig. 4. Regression tree model of the relative cover of annual neophyte species in the sampling plots. Each node is described by the splitting variable used at the split, the
Bonferroni-corrected significance (P-value) of the split and the values at which the split occurs. At each terminal node the number of observations (n) is given along with the
values of the response variables. Vertical axes of box plots show the relative cover of annual neophyte species, in percentage. Thick lines are medians, boxes are quartiles,
whiskers are non-outlier minimum and maximum, dots are outliers. Abbreviations in the circle (nodes): Habit   present habitat type, Hab89—past habitat type [159_TD$DIFF]between
1986-1989, TshrubC—cover of shrubs and trees. For habitat codes see Table 1.
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1986–1989 (median: 11.61%). In the last group (agricultural fields,
semi-natural habitats and oak plantation) the relative cover of
herbaceous perennial neophytes is negligible.
The regression tree of the relative cover of woody neophyte
species explained 28.5% of the total variance. The most important
predictor variable was again the recent habitat type (Fig. 6). The
relative cover of spontaneously occurring woody neophyte species
was largest in plots of tree plantations (median: 4.21%), except for
black locust plantations. The black locust plantations were
grouped together with semi-natural closed forests (planted and
spontaneous presence of neophyte species such as black locust
were distinguished). In this group of plots higher cover of woody
neophytes (median: 3.92%) was found if the proportion of
plantations in the surrounding of plots was larger (more than
65.5%). In the case of non-woody habitats, young plantations and
open forests, the cover ofwoodyneophyte specieswas higher if the
plot was semi-natural forest or tree plantation in the 1950s
(median: 0.19%), than if it was agricultural fields or semi-natural
grasslands (median: 0.00% in every case).
4. Discussion
4.1. Determinants of invasion level in the [257_TD$DIFF]Kiskunság
The actual level of invasion is the result of the invasion process
which is driven by several factors such as environmental conditios,
landscape composition and present and past land-use. In our
study, the most important factor explaining the level of invasion
was the present habitat type. At the intermediate scales, landscape
configuration, habitat type and species composition are expected
to determine the level of invasion (Milbau et al., 2009). Our results
correspond to the findings of Chytrý et al. (2008b), who revealed
[(Fig._5)TD$FIG]
Fig. 5. Regression treemodel of the relative cover of herbaceous perennial neophyte species in the sampling plots. Each node is described by the splitting variable used at the
split, the Bonferroni-corrected significance (P-value) of the split and the values at which the split occurs. At each terminal node the number of observations (n) is given along
with the values of the response variables. Vertical axes of box plots show the relative cover of herbaceous neophyte species, in percentage. Thick lines are medians, boxes are
quartiles, whiskers are non-outlier minimum and maximum, dots are outliers. Abbreviations in the circle (nodes): Habit—present habitat type, Hab89—past habitat type [159_TD$DIFF]
between 1986-1989, taveyy—mean annual temperature, TreeCov—cover of trees, secgrass—proportion of secondary grasslands, agri—proportion of agricultural land, pscpyy—
mean annual rainfall. For habitat codes see Table 1.
[(Fig._6)TD$FIG]
Fig. 6. Regression tree model of the relative cover of woody neophyte species in the sampling plots. Each node is described by the splitting variable used at the split, the
Bonferroni-corrected significance (P-value) of the split and the values at which the split occurs. At each terminal node the number of observations (n) is given along with the
values of the response variables. Vertical axes of box plots show the relative cover of woody neophyte species, in percentage. Thick lines are medians, boxes are quartiles,
whiskers are non-outlier minimum and maximum, dots are outliers. Abbreviations in the circle (nodes): Habit—present habitat type, plantat—proportion of plantation,
Hab50—past habitat type in 1950, Hab89—past habitat type [158_TD$DIFF]between 1986-1989. For habitat codes see Table 1.
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that habitat type is the single most important determinant of the
level of invasion, probably because habitat type reflects the
combination of local abiotic conditions, land-use and disturbance
regime (Hobbs, [186_TD$DIFF]2000; Vilà et al., 2006).
The second most important factor was past habitat type. Both
the long history of human land-use and the changes in the
disturbance regime in the past can be responsible for a higher level
of invasion (Török et al., [187_TD$DIFF]2003; Vilà and Ibáñez, 2011). The
Kiskunság region has been exposed to intensive human impacts [258_TD$DIFF]at
least for two millennia. Main land-use changes [259_TD$DIFF]have been
conversion of semi-natural grassland and forest to tree plantation
or arable land, arable land conversion to tree plantation and land
abandonment enabling the regeneration of grasslands (Biró et al.,
2013). Although sand grasslands have high regeneration potential
in terms of grassland species richness and cover, even transforma-
tion to this habitat type facilitates the invasion and persistence of
neophyte species ([188_TD$DIFF]Albert et al., 2014; Bartha et al., 2008; Csecserits
et al., 2011; [189_TD$DIFF]Szitár and Török, 2008). Since our study demonstrated
that historical land-use and land-use changes have considerable
impact on invasion, we share the view of [190_TD$DIFF]Vilà and Ibáñez (2011) [191_TD$DIFF]
that present land-usesmight represent an invasion credit to future
invasions.
In our study landscape composition played a subordinate role in
determining the level of invasion. For example the proportional
area of tree plantations within 500m around sampling plots exerts
influence on the relative cover of woody neophyte species (Fig. 6).
The relative species richness of neophytes in agricultural plots
increases with increasing distance from arable lands (Fig. 2)
probably because of the higher proportion of other land-use types
such as plantations or secondary grasslands within the landscape.
Agricultural intensification and anthropogenic development (ur-
banization, transport networks) within a landscape are known to
increase invasion ([165_TD$DIFF]Vilà and Ibáñez, 2011). Current scenarios predict
no increase or even decrease in the level of invasion for Eastern
Europe due to abandonment of arable land (Chytrý et al., 2012).
However tree plantations are rarely considered separately (Martin
et al., 2008), which can lead to misleading results when projecting
trends for future plant invasions. Our studies suggest that if land
conversion from arable land to tree plantation (e.g. woody biofuel
plantations) takes place, the level of neophyte invasion, especially
by woody species might increase.
We found no relationship between the climatic variables and
the level of invasion. Climatic variables are known to influence the
invasion process, but mainly at the continental and regional scale
(Milbau et al., 2009) where climate varies considerably. Since our
study was conducted within the same climatic region, climatic
variables did not explain differences in invasion level due to their
low variability. Similar trends were found in the case of soil
properties. Although in coarser-scale comparisons soil properties
generally play an important role in invasion level (e.g. [192_TD$DIFF]Botta-Dukát,
2008), in our study soil properties had no explanatory power
because our focus was on sandy soils with only a limited variability
in soil properties.
4.2. Where are the hot-spots of invasion?
In the studied region (Kiskunság), besides agricultural habitats,
tree plantations are the hot-spots of alien invasion. The mean
number of neophyte species found in our plots are relatively high
compared to the results of similar analysis ([193_TD$DIFF]Chytrý et al., 2005; Vilà
and Ibáñez, 2007): in the case of agricultural habitats about one
quarter of the species are neophytes, where as in the case of
plantations only one fifth of the species are neophytes (Fig. 2).
Plant invasions are generally facilitated with increasing distur-
bance levels (Chytrý et al., 2008a, 2008b;[194_TD$DIFF] González-Moreno et al., [195_TD$DIFF]
2014; Vilà et al., 2007). The high level of invasion in disturbed
habitats is consistent with the theory of fluctuating resource
availability (Davis et al., 2000; Shea and Chesson, 2002). At the
same time, a more intensive human land-use is also connected to a
higher level of propagule pressure as a result of factors such as;
weed contaminated seed mixtures, agricultural machinery trans-
porting weed seeds; and direct planting of alien species in tree
plantations and orchards ([196_TD$DIFF]Pinke et al., 2011)
Agricultural habitats are well-known hot-spots of invasion
because of the high disturbance level [260_TD$DIFF]and intensive human land-
use ([197_TD$DIFF]Pinke et al., 2011). However, tree-plantations are less studied
in terms of plant invasion (but see: Bremer and Farley, 2010). In our
case there could be two reasons for the high invasion levels found
in tree plantations: (1) the technology of the plantation
establishment and (2) that the presence and abundance of forest
species is very low ([198_TD$DIFF]Levine and D'Antonio, 1999) due to the small
size of the regional forest species pool ([199_TD$DIFF]Molnár et al.,1998;Magyari
et al., 2010; Molnár et al., 2012). Plantations are created after
felling, forest clearing and soil preparation or after ploughing of
arable lands. Forestry practice also includes yearly weeding and
ploughing between rows in the first years. This results in levels of
invasion comparable to arable fields, especially in the case of young
plantations. Although during the development of a closed forest
canopy, trees outcompete light-requiring annual weeds, woody
neophytes are not replaced by native species, presumably because
of the small size of the natural species pool. The forest elements of
the original forest steppe almost completely disappeared by the
18th century (Molnár et al., 2012) and according to a recent habitat
mapping of Hungary, only 1200ha of closed and 290ha of open
lowland steppe oak woodlands [261_TD$DIFF]remained in the Great Hungarian
Plain (Bölöni et al., 2008). While [200_TD$DIFF]ca 186000ha of the county Bács-
Kiskun (larger part of the Kiskunság region) was covered by forest
in 2012, often planted with alien [201_TD$DIFF]tree species (KSH, 2013). This
means that the vast majority of woodlands in the region are tree
plantations that are probably an important source of propagules of
neophyte species.
The third group of habitats with high invasion levels in our
study are old-fields. Secondary grasslands developed on old-fields
are in a transitional position between heavily managed and semi-
natural habitats. The decreasing invasion level with the increasing
time after abandonment in the old-fields of the region has already
been demonstrated and its reason discussed by Csecserits et al.
(2011).
Semi-natural grasslands and woodlands are the least infected
by invasive species (Figs. 2 and 3). Among them, closed forests are
the most invaded, based on the relative number of neophyte
species and the cover of woody neophytes. There could be two
different, but closely related reasons for this. First, the groundwa-
ter [202_TD$DIFF]table has decreased by 2–4m in the last four decades in the
region ([203_TD$DIFF]Biró et al., 2013; Pálfai, 1993; Szilágyi and Vörösmarty,
1997), and themost water-dependent closed forests are degrading,
which provides a favourable condition for plant invasion. At the
same time, the extent of tree plantations has increased in the last
100 years (Biró et al., 2013), and the native Quercus roburwas often
replaced by nonindigenous trees that tolerate water shortage.
Thus, the remnants of semi-natural closed forests are surrounded
by native and non-native tree plantations, and therefore are under
continuous propagule pressure of alien species.
4.3. Invasion of neophytes with different life forms
Life form can be among themost powerful attributes explaining
patterns of plant invasion (Thuiller et al., 2006). Splitting
neophytes into three groups according to their life form revealed
considerable differences in their affinity to habitat types. As
expected, habitats that are recently or annually disturbed harbour
the largest relative cover of annual neophytes. Beside agricultural
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habitats, young old-fields and young (1–3 years old) tree
plantations are among the most infected habitats. Annual species
with short life-cycle and persistent seedbank are adapted to
frequent disturbance (Gassó et al., 2012; Pinke et al., 2011). If
disturbance ceases (e.g. in the case of secondary grassland
development), or/and canopy cover increases, these species will
be outcompeted in the course of time (Grime, 1979), but past
agricultural use is reflected in the cover of annual neophytes even
after decades. One of themost common annual neophyte species of
the studied region is the common ragweed (Ambrosia artemisii-
folia), which because of its allergic pollen, is one of the most
noxious annual invaders, both locally and in Europe ( [204_TD$DIFF] AISIE, 2009;
Pinke et al., 2011). The presence of ragweed is connected to
agricultural cultivation and soil disturbance, but its abundance
quickly decreases with the development of secondary grasslands
(App.1) (Csecserits et al., 2011, 2012).
In the case of perennial herbaceous neophytes, besides the
present habitat type, the past habitat and landscape context
proved to be important in determining the level of invasion. We
found larger cover of perennial herbaceous neophytes in plots that
were intensively used by human in the past, such as abandoned
agricultural fields and tree plantations. Previous disturbance
creates open space for the establishment of neophyte species,
and the cessation of cultivations enables perennial neophytes to
spread. In the studied dry, sandy region not all plantations can
develop fully closed canopy, therefore species such as milkweed
(Asclepias syriaca) and goldenrod (Solidago canadensis and gigan-
tea) can survive in the herb-layer (App.1). In a large-scale survey,
Botta-Dukát (2008) found that open sand grasslands are the
second most invaded habitats, and milkweed occurred in 75% of
these grasslands. A future increase in the extent of tree plantations
that can host milkweed is expected to further degrade the state of
semi-natural open sand grasslands.
In contrast to annual neophytes, woody neophytes that were
originally introduced for silviculture or horticulture can invade
tree plantations and semi-natural forests and are underrepresent-
ed in open agricultural habitats (Gassó et al., 2012; Thuiller et al.,
2006). Several woody neophytes, e.g. Padus serotina are successful
invaders in forests because they form a long-living, shade-tolerant
sapling-bank ([205_TD$DIFF]Closset-Kopp et al., 2007). In our case, not only the
current habitat type, but also the area of tree plantations in the
surrounding landscape and the past forest practices influence the
level of invasion by woody neophytes. There are two reasons for
this: the establishment technique of plantation in the region
(ploughing before planting, see above), and the use of non-native
species in forestry, which can behave as invasive species (DAISIE,
2009; Bartha et al., 2012). For instance, black locust is successful
both in generative and vegetative spreading, and its stands host
other neophyte species, whichmeans that its plantations represent
strong propagule pressure for semi-natural woodlands.
Several woody neophytes, such as Ailanthus altissima, Celtis
occidentalis, Padus serotina, Robinia pseudoacacia can escape from
plantations and can invade the dry grasslands of both secondary
and primary origin (Török et al., 2003; Botta-Dukát, 2008). Nature
conservation authorities endeavour to eliminate invasive species
from semi-natural habitats ( [206_TD$DIFF]Mihály and Botta-Dukát, 2004 [207_TD$DIFF]), but
the current tree plantation practices (ploughing before plantation,
use of neophyte and even invasive species such as black locust) in
the neighbourhood of conservation areasmake this a big challenge
(e.g. VerÅ, 2011 [208_TD$DIFF]).
4.4. Conclusions and implications
Our study emphasizes that habitat type is the most important
determinant of invasion level, and therefore present and past
human land-use is a key factor in the establishment and spread of
alien species. Tree plantations are hot-spots of alien invasion
hosting numerous alien species with considerable coverage. The
presence of plantations increases the level of invasion in other
habitats since it entails an increased propagule pressure that
threatens neighbouring habitats, especially fragments of the
(semi-) natural vegetation.
Since human land-use plays a key role in forming the actual
level of invasion, land-users have many possibilities to control the
invasion of alien plant species (Cole et al., 2007). A number of
connected strategies could be applied to prevent or hinder the
alien plant invasion. Therefore we suggest
- limiting the amount of ecosystem disturbance, especially in
semi-natural habitats to prevent establishment of invasive
plants,
- restricting the amount of new plantations around the remnants
of semi-natural vegetation within a radius of at least 500m,
- avoiding the use of invasive neophyte species for tree plantation
especially within at least 1000m around the remnants of semi-
natural vegetation,
- reconsidering plantation techniques in order to limit the
disturbance and minimize time in which invasive neophyte
species can establish
- avoiding frequent habitat conversion by long-term land-use
planning,
- and restricting habitat conversion from primary and secondary
grassland into arable land or tree plantation.
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